Rationale: Placement of an indwelling pleural catheter is an established modality for symptom relief and pleurodesis in the treatment of malignant pleural effusion. Concerns remain regarding possible infectious complications, risk of hemorrhage, and the rate of pleurodesis with the use of pleural catheters in the treatment of hematologic malignancies.
Malignant pleural effusions typically signal advanced disease and limited survival, but their significance in hematologic malignancies may be less predictable. Using the recently validated LENT score, which incorporates pleural fluid lactate dehydrogenase, Eastern Cooperative Oncology Group performance status, neutrophil-to-lymphocyte ratio, and tumor type, hematologic malignancies are classified as having a favorable prognosis compared with other tumor types (1) . However, malignant pleural effusion in certain diseases, such as multiple myeloma, portends worse prognosis (2) . There are conflicting reports of pleural effusion affecting survival in lymphoma, and although pleural effusions do not appear to adversely affect prognosis in acute leukemia and myelodysplastic syndrome, their effect on overall survival remains unclear (3) (4) (5) (6) (7) .
The management of malignant pleural effusion in patients with hematologic malignancies can be challenging, for unlike solid organ malignancies, they are almost always systemic and often require myelosuppressive chemotherapy. Associated leukopenia, neutropenia, and lymphopenia predispose these patients to infection (8, 9) . In addition, patients may be prone to bleeding due to thrombocytopenia, dysfibrinogenemia, or hemolysis (10) .
An indwelling pleural catheter is an established modality for symptom relief and pleurodesis for malignant pleural effusion (11) (12) (13) . In fact, over the past 2 decades, there has been a paradigm shift in many centers toward the use of a pleural catheter as first-line therapy for malignant pleural effusion (11, (14) (15) (16) . More recently, several studies have combined placement of a pleural catheter with pleurodesis and various sclerosing agents, but the benefits of this strategy remain unclear (17) (18) (19) . It is a minimally invasive procedure that can be performed in an ambulatory setting without the need for hospitalization, and some authors have even advocated indwelling pleural catheter placement to relieve dyspnea in patients with a limited life expectancy (20) (21) (22) .
Most of the evidence cited for the use of pleural catheters in malignant pleural effusion has focused on solid organ tumors, with only a small subset of intrapleural catheters in patients with hematologic malignancies (7, 21, 23, 24) . Given the paucity of evidence and the profound cytopenias often found in these patients, doubts as to the infectious complications, risk of hemorrhage, and the rate of pleurodesis remain (3, 24) .
The purpose of our study was to evaluate the safety of indwelling pleural catheter use and cumulative incidence of associated pleurodesis in patients with hematologic malignancies. Our secondary aim was to evaluate the impact of recurrent pleural effusions on overall survival in this population.
Methods Patients
We retrospectively reviewed the medical records of all patients with a hematologic malignancy who underwent a pleural procedure at our institution from September 1, 1997 to August 31, 2011 . Cessation of data collection in 2011 allowed evaluation of a mature (at least 5 yr after placement) cohort to assess survival. The patients were identified by searching the institutional database using International Classification of Diseases, Ninth Edition codes corresponding to hematologic malignancies (lymphoma, acute leukemia, chronic leukemia, multiple myeloma), cross referenced with Current Procedural Terminology codes for indwelling pleural catheter placement. The study was approved by 
Data Collection
For purposes of analysis, patients were placed into four major categories of hematologic malignancies: (1) lymphoma, (2) acute leukemia, (3), chronic leukemia, and (4) multiple myeloma. Patients who had undergone hematopoietic stem cell transplantation were classified with their original hematologic malignancies. Terminology and definitions are listed in Table 1 .
The following clinical characteristics were collected: age; sex; malignancy classification; previous medical and cancer history; cardiac, radiographic, pathologic, and laboratory data at the time of each pleural procedure; indication for each pleural procedure; presence of clinical symptoms (dyspnea, cough, chest pain); number of pleural procedures; type of pleural procedure (thoracentesis, chest tube insertion, pleural catheter placement); pleural biopsy; blood products administered before and after the pleural procedure; and complications. For patients with multiple indwelling pleural catheters (ipsilateral or contralateral), only data from the first indwelling pleural catheter placed were used for analysis.
Laboratory analysis of pleural effusion and blood within 4 weeks before pleural catheter placement were also reviewed. The appearance of the pleural effusions was visually categorized as bloody or nonbloody by the proceduralist at the time of fluid drainage. The fluid was classified as an exudate or a transudate using the Light's criteria (25) . The other etiologies were confirmed by clinical course, cultures, or additional diagnostic studies. If pleural effusion cytology, flow cytometry, or pleural biopsy revealed a nonhematologic malignancy, the patient was excluded. Recorded complications included infection (local infection, empyema), bleeding (minor, major), pneumothorax, catheter dislodgement, catheter malfunction, sedation-related events, and electrolyte depletion related to drainage.
Indwelling Pleural Catheter Placement and Management
All patients underwent pleural catheter placement using the PleurX system (Care Fusion, Inc., San Diego, CA). Patients were all instructed to drain the pleural catheter daily as per our institutional protocol. Once the output was less than 150 ml for 3 consecutive days, the drainage was changed to every other day until follow-up with removal was scheduled. Time to pleurodesis was calculated as the days between indwelling pleural catheter insertion and removal. Pleural catheter outcomes at 180 days were categorized as one of the following: pleurodesis, alive with catheter in place, death with catheter in place, or catheter removed due to complication. For each event of interest, cumulative incidence functions were estimated and univariate and multivariate cause-specific hazard regression models were performed. Includes amyloidosis with plasma cell dyscrasia and plasma cell lymphoma.
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Covariates included age, sex, hematologic malignancy group, history of stem cell transplantation, absolute neutrophil count, platelet count, creatinine, malignancy, and chylothorax. Absolute neutrophil count (,0.5 K/ml, >0.5 K/ml), platelets (<50 K/ml, .50 K/ml) and creatinine (,1.5 mg/dl, >1.5 mg/dl) were categorized into two groups.
Overall survival models. The KaplanMeier product-limit method was used to estimate overall survival for all patients. Overall survival was defined in two ways: (1) from diagnosis of malignancy to death or last follow-up, and (2) from pleural catheter insertion to death or last follow-up. Patients were censored at 60 months from indwelling pleural catheter insertion and 200 months from diagnosis of malignancy. Survival curves of hematologic malignancy groups were compared with the log-rank test.
Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC) and R (version 3.0.3; R Core Development Team, Vienna, Austria) with CumIncidence function (26) .
Results
Of the 1,646 patients who underwent pleural catheter placement during the 14-year study period, 172 patients with hematologic malignancies underwent a total of 208 indwelling pleural catheter placements. Only four patients were lost to follow-up. Patient and clinical characteristics are shown in Table 2 . There were four patients who had undergone hematopoietic stem cell transplantation (allogeneic) without signs of relapsed malignant disease.
The indication for all placements of a pleural catheter was a symptomatic and/or recurrent effusion. The main symptoms were dyspnea (96.5%), cough (39.4%), and chest pain (12.7%). Median white blood cell count before indwelling pleural catheter placement was 5.8 K/ml (0-170.6 K/ml). The median blood platelet count before indwelling pleural catheter placement was 143.5 K/ml (8-1,282 K/ml); 27 patients had platelet counts ranging from 20 K/ml to less than 50 K/ml, and 10 patients had less than 20 K/ml. Platelet transfusions were administered in 33 patients before the procedure. International normalized ratio greater than or equal to 1.50 was noted in 19 patients, and 8 of these patients received transfusions of fresh frozen plasma before the procedure.
Most patients (82%) had only one pleural catheter placement, but some (18%) required more than one ipsilateral or contralateral pleural catheter. A slightly larger number of pleural catheters were placed in the right hemithorax (58%) than the left. Of the six patients who had a second catheter placed on the ipsilateral side, five had complications requiring catheter removal, and one had disease recurrence 7 months after the initial catheter was removed.
The number of prior pleural interventions and the pleural fluid characteristics are described in Table 3 . Although the majority of pleural procedures before pleural catheter placement were thoracenteses, 1.2% had a chest tube before indwelling pleural catheter and 4% had both thoracenteses and chest tubes before indwelling pleural catheter.
One patient with chronic lymphocytic leukemia had bilateral pleural catheters with distinct etiologies (malignancy for one and volume overload for the other), so he was classified with etiology (malignancy) from first pleural catheter placed. Seven patients had parapneumonic effusions (not pleural Table 3 . Characteristics of pleural effusions in patients with hematologic malignancy who underwent indwelling pleural catheter placement Definition of abbreviations: AL = acute leukemia; CL = chronic leukemia; IPC = indwelling pleural catheter; L = lymphoma; MM = multiple myeloma; PF = pleural fluid; PP = pleural procedure. Data presented as n (%). *Indicates those with P values , 0.05. † Therapy-related etiology included six chemotherapy-related and two radiation-related (one radiation pleuritis, one radiation constrictive pericarditis with pleuritis) effusions. ‡ Volume overload etiologies were due to cardiac dysfunction in six patients and renal dysfunction in two patients.
x Pleural biopsies confirmed the following etiologies: malignancy (3.5%), infection (1.2%), therapy related (1.7%), volume overload (1.2%).
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catheter complications). There were five simple parapneumonic, one caused by Mycobacteria tuberculosis, and one empyema. In all of these seven cases, the pleural catheter was placed before the infectious etiology was confirmed. In the six patients with amyloidosis, five had effusions due to volume overload, and one had malignant effusion due to concomitant Waldenström macroglobulinemia
Complications
The cumulative incidence of all complications at 180 days after indwelling pleural catheter insertion was 13.6%, and the cumulative incidence of significant catheterrelated complications at 180 days after insertion was 9.5%. Complications are listed in Table 4 .
All cases of empyema were associated with a bacterial pathogen (methicillinresistant Staphylococcus aureus, coagulasenegative S. aureus), and all required hospitalization. One patient had videoassisted thoracoscopic surgery with decortication. Of note, two patients presented with pneumonia, bacteremia (Pseudomonas aeruginosa, Pasteurella multocida), and parapneumonic effusion unrelated to the indwelling pleural catheter and thus were not included as complications.
In the five patients with bleeding complications, three occurred at the time of insertion and two at the time of removal. Of the three with major bleeding (two at insertion, one at removal), the ones at insertion required transfusion of additional platelets. One developed a hematoma at the catheter site less than 48 hours after insertion and also required blood transfusion. Before the procedure, the patient had a platelet count of 23 K/ml and had received a platelet transfusion resulting in a preprocedure platelet count of 32 K/ml. The catheter removal was performed while the patient was on anticoagulation and this resulted in a hemothorax that required videoassisted thoracoscopic surgery with talc pleurodesis.
One patient with a malignant hydropneumothorax had a worsened pneumothorax 24 hours after catheter placement and was admitted with respiratory distress. Despite chest tube placement, he had respiratory failure related to bilateral pneumonia and relapsed Hodgkin lymphoma and died 8 days after the procedure. There was only one sedationrelated complication that occurred during pleural catheter placement. This episode of excessive sedation was treated successfully with naloxone. High pleural fluid output from a pleural catheter resulted in electrolyte depletion in one patient with amyloidosis, requiring catheter removal. No deaths were believed to be related to management of pleural effusion with an indwelling catheter.
Univariate and multivariable causespecific hazard regression models were fitted, and no variable was a One hundred eighty-day cumulative incidence of significant IPC-related complication: 9.5%; 180-day cumulative incidence of no complication: 58.0%; 180-day cumulative incidence of death: 32.5%. ORIGINAL RESEARCH significant predictor either for all complications or significant catheterrelated complications. Cumulative incidence curve for significant indwelling pleural catheter-related complications are presented in Figure 1 .
Pleurodesis
Pleurodesis was achieved for 85 patients within 180 days, and 14 patients were alive with the catheter in place after 180 days. The cumulative incidence of pleurodesis at 180 days was 50% for the entire cohort. The cumulative incidence at 180 days for subgroups was as follows: 48.9% for lymphoma, 56.6% for acute leukemia, 63.0% for chronic leukemia, and 27.8% for patients with multiple myeloma. The cumulative incidence curve for pleurodesis is shown in Figure 2 .
Median time to pleurodesis for the entire cohort was 81 days (95% confidence interval [ Univariate and multivariable causespecific hazard regression models with pleurodesis as a specific cause are presented in Table 5 . Compared with lymphoma, patients with acute leukemia had a 2.5-fold increase in pleurodesis.
Survival
The median survival time from cancer diagnosis was 45.6 months (95% CI, 27.6-63.8 mo) for the entire cohort. The median follow-up time (from cancer diagnosis) for patients who were alive was 83 months (range, 24.5-200 mo). Overall survival curves by cancer diagnosis are shown in Figure 3 .
The median time from cancer diagnosis to pleural catheter insertion was 13.7 months (range, 0-332.9 mo) for lymphoma, 8.8 months (range, 0.5-130.8 mo) for acute leukemia, 80.2 months (range, 11.9-315.6 mo) for chronic leukemia, and 20.3 months (range, 0.7-71.3 mo) for multiple myeloma.
Median survival time from pleural catheter insertion was 5.5 months (95% CI, 3.5-8.0 mo) for the entire group. The median follow-up time (from indwelling pleural catheter insertion) for patients who were alive was 51.3 months (range, 23.4-60.0 mo). The survival curve after pleural catheter insertion is presented in Figure 4 .
Discussion
Our experience with pleural catheter placement for patients with hematologic malignancies is the largest reported to date. Over a 14-year period, 12% of patients who underwent indwelling pleural catheter placement for symptomatic and/or recurrent pleural effusions at our institution had a hematologic malignancy. Most pleural effusions were due to the underlying malignancy, although a few were attributed to infection, volume overload, or an adverse consequence of therapy.
Using a competing risk model, we were able to estimate the cumulative incidence of complications and pleurodesis at 180 days. The cumulative incidence of all significant catheter-related complications was 9.5%, which is similar to previously published reports of complications ranging from 1 to 12% (16, 23, 27, 28) . Our incidence of empyema of 2.9% was less than the 7.7% reported in a similar population (24) . Thirty-day procedure-associated mortality for our cohort was 0.6%. The cumulative incidence of pleurodesis at 180 days was 50%.
Infectious complications are commonly perceived as a major concern with the use of indwelling pleural catheters among immunosuppressed individuals. In hematologic malignancies, the persistence of aberrant hematologic parameters is a unique concern as well. However, previous studies have not demonstrated an increased risk of infection for indwelling pleural catheters among patients receiving chemotherapy, and our data corroborate this, because most of our patients were receiving active treatment (28) (29) (30) . Both univariate and multivariate analysis did not reveal a significant impact of absolute neutrophil count with respect to complications.
Our rate of empyema (2.9%) was similar to that reported in a recent indwelling pleural catheter meta-analysis (2.8%) and less than the 7.7% reported in the multi-center study of pleural catheters in hematologic malignancies; however, the latter may be related to procedural differences and/or variations in follow up protocols in the various centers (24, 31) .
Established guidelines for serial evaluations, continuous quality improvement initiatives, and algorithms for identification of potential infection or catheter malfunction has been demonstrated to decrease complications, and it is strongly encouraged for institutions where indwelling pleural catheters are placed (32) (33) (34) . Our low infection rate may 
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be due to the large number of pleural catheters placed yearly, with resulting team proficiency, appropriate patient selection, dedicated procedure areas, standardized sterile technique with full body draping during insertion and established protocols for drainage, follow up, detection of infection and catheter malfunction. The time to local infections among our patients ranged from 1 to 6 weeks, and they were typically managed in the outpatient setting with oral antimicrobial therapy. The time to empyema in our cohort was 3 to 14 weeks after insertion. Time frames for both local and pleural space infections are within the time frames noted in prior studies (28, 35) .
Another major concern in patients with hematologic malignancies is the risk of bleeding at the time of pleural catheter insertion or removal. Compared with the 0.4% bleeding risk reported in a large metaanalysis, our rate of major bleeding (1.7%) was higher (31) . Unlike other pleural interventions, the placement of a pleural catheter involves tunneling under the skin, which may result in greater vascular disruption and continuous oozing or a hematoma if hematologic parameters are aberrant. The occurrence of major bleeding in two patients during the study period led to changes in our institutional protocol. Our current clinical practice algorithm is described in Table 6 . Patients with suboptimal hematologic parameters that do not respond to transfusion are not considered suitable candidates for indwelling pleural catheter placement.
The frequency of pleurodesis for indwelling pleural catheter reportedly varies from 23% to 70%, and a systematic review reported a mean rate of 45.6% (15, 16, 23, 24, 31) . A more recent review reported a mean pleurodesis incidence of 43.5%, with a mean time to pleurodesis of 64.3 days among several large series of patients undergoing pleural catheter placement (17) . In patients with hematologic malignancies, an earlier report cited a 23% pleurodesis rate, with a mean time of pleural catheter duration in those patients of 63 days (24).
We found a cumulative incidence of pleurodesis at 180 days of 50%, with a median time to pleurodesis of 81 days (95% CI, 58-99 d) and a mean time of 143 6 17 days, which is comparable to previous reports. The mechanism for pleurodesis is unknown, but it is speculated that the presence of the catheter induces pleural inflammation, whereas repeated drainage promotes pleural apposition and symphysis.
The cumulative incidence of pleurodesis noted in our cohort may be related to systemic treatment of the malignancy and our standard daily drainage protocol. The daily drainage protocol has recently been validated externally by data from the ASAP (Impact of Aggressive versus Standard Drainage Regimen Using a Long-Term Indwelling Pleural Catheter) trial reporting an increased likelihood of pleurodesis with daily drainage (36) . Intuitively, one would suspect that lack of inflammation due to neutropenia may decrease pleurodesis in these patients; however, our univariate and multivariate analysis did not find any relationship with ORIGINAL RESEARCH the absolute neutrophil count. Interestingly, compared with lymphoma, patients with acute leukemia had a significantly shorter time to pleurodesis of 42 days, but the mechanism for this remains unclear.
Based on overall survival by hematologic groups, chronic leukemia is an indolent disease until pleural effusion develops, and then it follows a course similar to lymphoma. Acute leukemia and multiple myeloma have worse overall survival by group comparatively, but we have previously reported that in patients with acute leukemia, the presence of a pleural effusion does not influence the overall survival (3). Compared with earlier reports showing a median survival of 3.4 months for lymphoma and other solid tumors after pleural catheter placement, overall survival in our lymphoma and chronic leukemia groups was longer, possibly related to advances in treatment options (21) . Particularly with the advent of newer therapies, clinicians may increasingly encounter patients with pleural effusions in the setting of hematologic malignancies.
Limitations
Our study has the limitations inherent to retrospective studies. As a referral center, despite our best efforts at close communication, some details may have been lost to follow-up. Patients with recurrent pleural effusion who had other forms of pleurodesis or were unsuitable candidates for indwelling pleural catheter could not be readily identified and were not reviewed.
Systematic evaluation of performance status and survey for symptomatic relief pre-and postintervention were not available in all patients due to the retrospective nature of the study. However, the potential for bias is minimal, because we used laboratory and pathologic data that were not influenced by personnel conducting the research, and for our primary outcomes, sufficient data were available from the electronic medical record.
Finally, a single-institution cohort from a large-volume center may also be considered a limitation due to the generalizability of our findings. However, we believe that the techniques and processes, including sterile placement and standardized algorithms for follow-up, infection, catheter malfunction, and removal, that were used in the management of these patients are easily adopted and quite transferable. Moreover, being a largevolume center enabled us to describe the largest group of nonlymphomatous hematologic malignancies with indwelling pleural catheters in the medical literature thus far, with at least 6 months of close follow-up after indwelling pleural catheter removal in the vast majority of patients, ORIGINAL RESEARCH thereby providing robust data on both short-and long-term follow-up for repeat pleural intervention and overall survival.
Conclusions
Placement of an indwelling pleural catheter is an established modality for symptom control for malignant pleural effusion in solid organ tumors. Although there may be a perception for increased risk of infection and bleeding in hematologic malignancies, the overall rate of significant pleural catheter-related complications was comparable in our study to that for patients with solid organ tumors. Percentage and time to infectious complications were also analogous. Patients achieved similar cumulative incidence of pleurodesis within the time frames reported in patients with solid organ malignancies. Bleeding complications may be minimized by optimizing hematologic parameters during insertion and at the time of removal. Although there may be a general hesitation among clinicians to commit to a semipermanent indwelling device, our study highlights the safety of indwelling pleural catheters in this patient population, and given these results, a paradigm shift in the management of patients with hematologic malignancies and pleural effusions is warranted. n Author disclosures are available with the text of this article at www.atsjournals.org. These are general recommendations intended to provide a reference to the clinical team regarding the risks of bleeding associated with these interventions. These recommendations are not meant to be inclusive of all risks for bleeding and are not intended to be used during urgent situations or to prevent a clinician from performing an intervention when these parameters are not met but the perceived benefits of the procedure outweigh potential risks. Appropriate documentation in the medical record pertinent to risks and benefits of the intervention is indicated. ‡ Anticoagulants and antiplatelet agents should be held depending on dosing and half-life for 12 to 48 h, depending on their pharmacodynamics.
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